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SHEET LIGHT EMITTING APPARATUS 
BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a sheet light emitting apparatus 
configured to introduce light from a light source into a light guiding plate, emit the 
light through the light guiding plate and to illuminate all of a surface of an object 
to be illuminated such as a liquid crystal cell in a liquid crystal display, by the exit 
light from the light guiding plate. 
Description of Related Art 

A thinned liquid crystal display is used recently, as a display of a book 
type word processor, a computer, a mobile phone or other mobile terminal devices. 
A sheet light emitting apparatus having a light guiding plate is used in order to 
muminate such a thinned liquid crystal display. A line shaped light source such 
as a fluorescent tube and a point-shaped light source comprising a plurality of 
light emitting diodes (hereinafter, referred to as LEDs) or the like are used, as a 
light source of the sheet light emitting apparatus. Hie LEDs have a low applied 
voltage and lower power consumption and therefore are often used as a light 
source in a small liquid crystal display or the like. 

Recently, more bright illumination has been requested to the light source, 
because of evolution of colorization in the small liquid crystal display, and multi 
brightness of a conventional liquid crystal display in black and white has been 
desired. Therefore, light having a high directivity, which is emitted from the 
LEDs as the light source is used and it has been required to take the light into a 
light guiding plate having a more high density. Accordingly, in the sheet light 
emitting apparatus using the plurality of LEDs as the light source, LEDs having a 
high directivity of emitted light are used. However, when the LEDs having the 
high directivity of the emitted fight are used, there is a defect that a valley of light 



for propagating within a light guiding plate 31 is generated in a side (side of an 
end surface 31a) of the light guiding plate 31 close to the USDs 32, for example, as 
shown in Japanese Patent Laid-Open No, 2002-082625 CFLg.4) and therefore there 
is generated a trian gle A to which light does not arrive between the LEDs and 
both ends of the LEDs. 

Figs. 13 A to 13 C illustrate one example of a conventional sheet light 
emitting apparatus. In Figs. 13 A to 13 C, reference numeral 102 denotes LEDs 
constituting a light source for emitting light, 101 a light guiding plate, 103 a prism 
sheet disposed to face an upper surface 101a of the light guiding plate 101, 104 a 
reflective sheet disposed adjacently to face a lower surface 101b of the light 
guiding plate 101. 

As shown in Fig. ISA, the light guiding plate 101 is a rectangular in a 
planar shape and is made of a translucent material of a plastic material or the like. 
The lower surface 101b of the light guiding plate is formed into a scattering 
surface of light of uneven concave and convex surfaces by crimps, dots, prisms or 
printing. 

A plurality of LEDs 102 are disposed to face a light receiving surface 101c 
which is one side surface of the light guiding plate 101. Four surfaces of the light 
guiding plate 101, including the upper and light receiving surfaces 101a and 101c 
are formed into smooth surfaces of mirror surfaces or the like 

When applying a predetermined current to the LEDs 102 to light them, 
light emitted from the LEDs 102 enters passing through the light receiving 
surface 102c by refracting into the light guiding plate 101 and becomes inner light 
which widens within the light guiding plate. The inner light, while repeating 
diffused reflection on the lower surface 101b of the light guiding plate 101 and 
total reflection on the upper surface 101a thereof, propagates within the light 
guiding plate 101, and transmits the upper surface 101a by refracting during the 
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propagation, and exits toward above. The exited light enters into the prism sheet 
103, a direction is arranged substantially perpendicularly on the drawing by 
refracting operation of the prism sheet to become planer illumination light, and 
the planar ill umin ation light is emitted from the prism sheet toward an 
illuminated object (not shown) such as a liquid crystal panel. 

In addition, the reflective sheet 104 operates to reflect light emitted 
outwardly by scattering of light on the lower surface 10 lb of the light guiding plate 
101, to return in the light guiding plate 1 again, and to improve the usability of 
light. 

Here, an area S shown at diagonal lines in Plg.l3A is a light present area 
in which the inner light entering from the LEDs 102 passing through the light 
receiving surface 101c with refraction into the light guiding plate 101 is existing 
and distributed within the light guiding plate 101. An area SI, which has no 
diagonal lines ia a light absent area in which the inner light is not existing. The 
light absent area Si that the inner light is not existing forms a triangle having a 
hypotenuse which corresponds to refracting light of the maximum refracting angle 
As shown in Hg.lSC, for example, when the maximum exit angle of light s emitted 
from the LEDs 102 is 55°, the maximum refracting angle or the m axim um exit 
angle of the refraction in the light receiving surface 10 lc in which the light s enters 
becomes about 30" and an angle formed between the hypotenuse and a bottom of 
the triangle of the light absent area SI is about fiO*. 

In this way, the light absent area Si that the inner light does not exist in 
the light guiding plate 101 exists in a state entering considerably from the light 
receiving surface 101c. Accordingly, in the sheet light emitting apparatus using 
the light guiding plate 101, there are a bright part and a dark part alternately in 
the portion near the LEDs 102 or portion near the light receiving surface 10 lc, 
when muminating the illuminated object such as a liquid crystal cell, the 
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brightness is uneven and a good illumination is not acquired The unevenness 
of brightness has a problem especially because the distribution of brightness in the 
light guiding plate reflects almost directly to the brightness of die illumination 
light in a structure in which the prism sheet 103 is disposed to face directly the 
light guiding plate without providing a difEusion plate between the light guiding 
plate and the prism sheet, because of a thinned type and a simplification for the 
sheet light emitting apparatus, as shown in Figs. ISA to 13 C. 

To improve the problem, for example, as shown in Japanese Patent 
Laid-ppen 2002-196151 <Figa.l and 2), there is known a sheet light emitting 
apparatus in which a plurality of prisms are formed on a light receiving surface lc 
of a light guiding plate 1 facing LEDs 2. According to this, because an incident 
angle of light from the LEDs into the prisms can be small, a less t urnin g of light 
from the LEDs due to refraction when the light enters into the light guiding plate 
can be accomplished, an area of a dark part of illumination can be reduced and 
uneven brightness of illumination can be improved 

Figs. 14 A to 14 C illustrate a conventional sheet light emitting apparatus 
having a light guiding plate provided with the prisms as described In Figs. 14 A 
to 14 C, reference numeral lOlp denotes a plurality of prisms provided on a light 
receiving surface 101c of the ligit guiding plate 101. The other structure is the 
same as that of the sheet light emitting apparatus as shown in Fig. 13A to C. 

An apex angle a of each of the prisms 10 lp as shown in Fig. 14 C is Less 
than 60* in one example. At this time, the light s emitted at the maximum exit 
angle 55' from the LEDs 101 is entered at a side upper than a nor mal line to an 
oblique surface of each of the prisms 10 lp and turns outwardly by the refraction 
and as a result, the exit angle of transmitted light sp to the light receiving surface 
101c is more than 55". The exit angle is about 60° in the example as shown in the 
drawings. 
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If the apex angle of the each prism 10 lp id 70\ the incident angle of the 
light s to the prism becomes 0°, and the light goes directly without turning an d the 
exit angle of the transmitted light op is 55' while the refracted light in which the 
apex angle a is less than 70°, turns outwardly, and the exit angle of the 
transmitted light sp is more than 55°, if the apex angle a is less than 60°, the exit 
angle approaches 60°. In other words, the maximum exit angle st andardizin g the 
light receiving surface 102c of the transmitted light sp is about 60°, which is larger 
than the maximum exit angle, about 30*, in the absence of the prisms, as shown in 
Fig. 13 C. 

When the maximum exit angle is small, as shown in Fig. ISA, a gradient of 
an oblique plane of a triangle of a light absent area SI is sharp and the entrance of 
light into the light guiding plate 102 at the light absent area SI is deep. 

On the contrary, when the maximum exit angle is large, as shown in 
Eig.UA, the gradient of the oblique plane of the triangle of the light absent area 
SI is gentle and the entrance of light into the light guiding plate 102 at the light 
absent area Si is shallow. The entrance of light into the light absent area SI 
becomes more shallow, the uniformity of brightness of light in the light guiding 
plate is increased. 

Here, the ma x i mum exit angle within the light guiding plate 101 is 
further large and the entrance of light into the light absent area SI can be 
shallowed, as the apex angle of each prism becomes small and the inclin ed angle of 
the oblique plane of each prism becomes large. Consequently, it is possible to 
shallow the entrance of light into the light guiding plate 101 at the light absent 
area SI, to enhance the uniformity of brightness of inner light in the light guiding 
plate and to thus enhance the uniformity of brightness of ill umin ation light, by 
selecting suitably the apex angles of the prisms as described above. 

In addition, Kg. 15 illustrates collecting light fluxes in which the 
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transmitted lights of the prisma are collected. In Pig. 15, reference sign SK 
denotes the collecting light fluxes in which a plurality of transmitted lights sp of 
the prisma 10 lp shown in Fig.l4C are collected every the LEDs 102. Fig. 16 A 
illustrates a distribution of the collecting fluxes SKin the light guiding plate 101. 

There is a problem in the sheet light emitting apparatus usin g the light 
guiding plate having the plurality- of prisms as follows. 

That is to say, as described above, lights emitted from the LEDs transmit 
the plurality of prisms 10 lp to form a plurality of transmitted lights sp. the 
transmitted lights sp are collected to form the collecting light fluxes SK and then 
the collecting light fluxes are emitted from each of the LEDs 102 as shown in 
Fig.l6A, separate rightward and leftward (upward and downward on the 
drawings) into approximately mountain shapes and go and distribute in the light 
guiding plate 101. In the collecting light fluxes SK, when spaces (w in Fig. 16) 
between the transmitted lights sp of the prisms are narrow, the collecting light 
fluxes SK are recognized as one combined light to distinguish as a bright line. 

Meanwhile, dark parts are easy to occur in periphery (gaps between the 
collecting light fluxes) of the collecting light fluxes SK. 

That is to say, as shown in Pig. 15, if the Tnavi^.m exit angles of the 
transmitted lights sp are large, and the minimum oblique angles of the prisms to 
the light receiving surface 101c are small, the space W between the adjacent 
transmitted lights with respect to the transmitted lights sp refracted by the 
plurality of prisms 10 lp is small, there axe cases that the apace can be 
discriminated by the naked eye and the plurality of light fluxes are seen together. 

In such a case, as shown in Pig. 16A, each of the transmitted lights ap (see 
Kg.15) of the prisms in the collecting light fluxes SK of the mountain shapes 
widening rightward and leftward (upward and downward on the drawing) 
starting from each of the LEDs 102, as a whole of the light guiding plate 101 
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cannot be discriminated, and therefore the collecting light fluxes SK are 
recognized as one light, whereby distinguishing as the bright line. 

Next, despite whether the collecting light fluxes SK are recognized as one 
body, there are areas R of gaps between the collecting light fluxes SK as shown in 
F%. 16 A, the brightness of light tends to drop in each of the areas. According to 
this, the drop of brightness in each cf the areas B of gaps is seen, while, in 
particular, a si gnifican t drop of the brightness in a B-B section is seen (see 
Blg.l6B). 

In this way, in the conventional sheet light emitting apparatus having Hie 
light guiding plate provided with the prisms, the entrance of light into the light 
guiding plate 101 at the light absent area SI is shallow by means of each the 
prisms lOlp. there is an advantageous effect in this point, but there is a case that 
the bright line of the collecting light fluxes as described above is distinguishing in 
the light guiding plate 101 and there is a problem that the formality of brightness 
is reduced within the light guiding plate. 

Meanwhile, in the sheet light emitting apparatus having no difiusion 
plate as shown in Figs. 14 A to 14 C, because the distribution of brightness of the 
inner light in the fight guiding plate and the generation of the bright fine are 
reflected directly on the Quality of illumination fight, there is generated a large 
problem in particular. In other words, in the sheet fight emitting apparatus as 
shown in Fig. 17, which is a reference drawing, a diffusion sheet 105 is disposed to 
fece above a light guiding plate 101 and prism sheets 103 are disposed above the 
chrtusion sheet 105. In this case, a bright fine of inner light and a distribution of 
brightness in the fight guiding plate 10 1 are smoothed to a degree and reflected on 
ifiumination fight. 

However, in the sheet light emitting apparatus as shown in Fig. 14 B, and 
explained already, in which the prism sheet 103 is disposed to fece above the fight 
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guiding plate 102 without providing the diffusion sheet above the light gui ding 
plate for the purpose of the simplification and thinned type, visibility of the bright 
line and the drop portion of the brightness (R in Kg. A) are easy directly to reflect 
on the illumination light, and therefore a state of illumination is aggravated by the 
visibility of blight line and the drop portion of brightness. 

SUMMARY OF THE INVENTION 
It is, therefore, an object of the present invention to provide a sheet light 
emitting apparatus in which a brightness of light in a light guiding plate is even 
and bright lines of light flux collected when passing through individual prisms do 
not appear. 

To attain the above-mentioned object, a sheet light emitting apparatus 
according to a first aspect of the present invention comprises a light guiding plate 
of a translucent material and including light receiving and light emitting surfaces, 
a light source disposed to face the light receiving surface and a prism structure 
provided on the light receiving surface. The prism structure includes plural 
kinds of prisms having different apex angles. 

A sheet light emitting apparatus according to a second aspect of the 
present invention comprises a light guiding plate of a translucent material and 
including light receiving and light emitting airfares, a light source disposed to face 
the light receiving surface, and a prism structure provided on the light receiving 
surface, when an apex angle of a prism in said prism structure is a, a pitch of the 
prism is F, a height of the prism is h, a substantial maximum exit angle of light 
emitted from the light source is 9 □ and a refractive index of the light gui di ng plate 
is n. The prism structure is configured to satisfy a relation of, 
{P-2hXtan (cx/2)}Xcos {(a/2)- 6 2}> 0.087mm 
(but, 6 2= sLn^Ctf a /2) -(90° - 6 2)}/n\ ) 
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In a sheet light emitting apparatus according to a third aspect of the 
present invention, at least one kind of prism in the plural kinds of prisms having 
different apex angles is configured to satisfy a relation of, 

{P-2hXtan (a/2»Xcos {(a/2)- 8 2}> 0.087mm 

(but, 0 2= sur*[{( a /2) -<90 9 - 9 2»/n]) 

when an apex angle of the prism is a , a pitch of the prism is P, a height of 
the prism is h, a substantial maximum emitting angle of light emitted from the 
light source is 6 o and a refractive index of the light guiding plate is n. 

BBXEF DESCRIPTION OF THE DRAWINGS 
Fig. 1A is a top plan view showing a first embodiment of a sheet light 
emitting apparatus according to die present invention. 
Fig. IB is a side view of Fig.lA 

Fig. 2 is an enlar ged partial top plan view showing a portion of LEDs in 
the sheet light emitting apparatus as shown in Fig.lA. 

Fig. 3 is a view showing a direction of transmitted lights in prisms in the 
sheet light emitting apparatus as shown in Fig. 1A 

Fig. 4 is a graph showing a result obtained by a computation an angle of 
the transmitted lights of the prisms as shown in Fig, 3. 

Fig. 5A is a view showing a distribution of collecting light fluxes in a light 
guiding plate in the sheet light emitting apparatus as shown in Fig. 1A 

Fig. 5B is a view showing brightness of light in each of A-A and B-B 
sections in Fig.SA. 

Fig. 6 is a view showing a width of each of the transmitted lights in the 
prisms in the sheet light emitting apparatus as shown in Fig.lA. 

Fig. 7 is a view showing a space between the transmitted lights of each 
prism in the sheet light emitting apparatus as shown in FiglA. 
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Fig. 8 A is a view showing one example of the transmitted lights of the 
prisms in the sheet light emitting apparatus as shown in Fig. 1 A. 

Fig. 8B is a view showing an arrangement and sizes in the prisms in the 
sheet light emitting apparatus as shown in Fig. LA 

Fig. 9A is a view showing another example of the transmitted lights of the 
prisms in the sheet light emitting apparatus as shown in Fig. LA 

Fig. 9B is a view showing an arrangement and sizes in the prisms in the 
sheet light emitting apparatus as shown in Fig. LA 

Fig. lOAis a view showing a distribution of the transmitted lights of first 
prisms in first and second prisms to which the arrangement and sizes in Fig.9B 
are applied. 

Fig. 10B is a view showing a distribution of the transmitted lights in the 
second prisms. 

Fig. IOC is a view showing distributions of the transmitted lights in the 
first and second prisms. 

Fig. 11A is a view showing transmitted lights in a second embodiment of 
the sheet light emitting apparatus according to the present invention. 

Fig. 1 IB is a view showing one example of an arrangement and sizes of 
prisms in the second embodiment as shown in Fig. 1 LA 

Fig. 1 1 C is a view showing anther example of an arrangement and sizes of 
prisms in the second embodiment as shown in Fig, 1 LA 

Fig. 12 is a view showing transmitted lights, an arrangement and sizes of 
prisms in a third embodiment of the sheet light emitting apparatus. 

Fig. 13A is a top plan view showing a conventional sheet light emitting 
apparatus. 

Fig. 13B is a side view of the sheet light emitting apparatus as shown in 
Fig.l3A. 



Pig. 13C is a view showing transmitted lights in prisms in the sheet light 
emitting apparatus as shown in Fig. 13 A. 

Fig. 14A is a top plan view showing another conventional sheet light 
emitting apparatus. 

Fig. 14B is a side view of the sheet light emitting apparatus as shown in 
Eig.l4A. 

Fig, 14C is a view showing transmitted lights in prisms in the sheet li gh t 
emitting apparatus as shown in Fig. 14A. 

Fig. 15 is a view showing the transmitted lights of the prisms in the sheet 
light emitting apparatus as shown in Fig. 14A* 

Fig. 16 A is a view showing a distribution of collecting light fluxes in a light 
guiding plate in the sheet light emitting apparatus as shown in Fig. 14, 

Fig. 16B is a view showing brightness of light in each of A- A and B-B 
sections in Fig. 16 A. 

Fig. 17 is a side view showing still another conventional sheet light 
emitting apparatus. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, several embodiments of the present invention will be 
explained with reference to the accompanying drawings. 

A first embodiment a sheet light emitting apparatus according to the 
present invention is shown in Figs. 1 A to IOC . The sheet light emitting apparatus 
comprises a light emitting plate 1. The light guiding plate 1 is formed of a 
plate-shaped plastic material or the like having translucency and has a generally 
rectangular shape. The light guiding plate 1 has a light emitting surface la 
formed on an upper surface thereof, a lower surface lb and a light emitting surface 
lc farmed on a side surface of the light guiding plate. The light emitting surface 
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la is formed into a smooth surface by a mirror surface finishing or the like. 
Disposed to face the light receiving surface lc is a light source 2, which is 
composed of three USDs (light emitting diodes) in the shown embodiment. A 
prism sheet 3 is disposed to face the light emitting surface la of the light guiding 
plate 1 and a reflective sheet 4 is disposed to face the lower surface lb of the light 
guiding plate 1 (see Fig.2). 

The lower surface lb of the light guiding plate 1 is provided with a 
scattering surface having crimps, dots, uneven prisms or uneven concave and 
convex portions by printing as means for reflecting light entered in the light 
guiding plate 1 from the LEDs 2 toward the light emitting surface la. 

Meanwhile, four surfaces of the light guiding plate 1, including the light 
emitting surface lc are formed from smooth surfaces such as mirror surfaces. 

As shown in FLg.2, a prism structure is provided on the light receiving 
surface lc of the light guiding plate 1. The prism structure includes first prisms 
lpl each having an apex angle of a 1 and second prisms lp2 each having an apex 
angle of a 2, for example. The first and second prisms are disposed alternately 
and adjacently with respect to each other. Here, the apex angle a 1 of each of the 
first prisma lpl is less than the apex angle a 2 of each of the second prisms lp2, in 
the present embodiment. 

In the above structure, when a predetermined current from a not-shown 
drive circuit is applied to the light source, namely, to the USDs 2, the LEDs 2 emit 
lights including a predetermined color, for example, approximately white color. 
The lights from the LEDs 2 enter through the light receiving surface lc into the 
light guiding plate 1, then are reflected totally on the upper surface, namely, the 
light emitting surface la as shown in Fig.l (B), propagated widely within the light 
guiding plate 1 while repeating diffused reflection on the lower surface lb, in the 
meantime, lights passed through the light emitting surface la by refraction 
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thereof are emitted from the light emitting surface la toward the prism sheet 3. 

A direction of the light from the light guiding plate 1 into the prism sheet 3 
is arranged substantially perpendicularly, and the arranged light is emitted from 
the prism sheet, to direct to an outside liquid crystal panel and so on, and 
illuminate it as illumination light. Here, the reflective sheet 4 operates to reflect 
light emitted in a lower direction by scattering of light on the lower surface lb of 
the light guiding plate 1, return in the light guiding plate 1 again, to improve the 
usability of light. 

In the process of generating the illumination light, incident lights s which 
are emitted from the LEDs 2 at a predetermined exit angle, for example, 55" and 
arrive the first and second prisms Ipl and lp2 at the light receiving surface lc are 
refracted at the prism surfaces, respectively, and becomes translucent or 
transmitted lights spl and sp2 goring within the light guiding plate 1, as shown in 
Fig.2. Here, if an exit angle of the translucent or transmitted lights spl of the 
first prisms lpl at the horizontal light receiving surface lcis <t> 1 and an exit angle 
of the translucent or transmitted lights sp2 of the second prisms lp2 is 0 2, a 
relation of 4> 1 > 0 2 is satisfied. As described in detail hereinafter, this is because 
of a relation that if an exit angle (<t>) of light is larger, an apex angle of each prism 
is smaller. Here, in Fig. 1A, reference sign S is a light present area, in which 
inner lights exist in the light guiding plate 1, and reference sign Si is a light 
absent area in which the inner lights do not exist. An angle of hypotenuse of the 
triangular light absent area SI is equal to the maximum value of the exit angle 
<t> 1 of the translucent or transmitted lights spl or inner lights passed through the 
first prisms lpl. 

When the maximum value of $ 1 becomes larger, a degree of entrance of 
light into the light guiding plate 1 in the light absent area S 1 tends to be smaller. 
Next, a relationship between an angle of a prism and an exit angle of 
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transmitted lights into the light guiding plate 1 will be reviewed. 

Here, in general when an inclined angle of each prism pis 0, and an apex 
angle of the prism is a, a formula, B = 90°- (a/2) is satisfied. When the exit 
angle of light s from the LEDs 2, in other words, an incident angle to the 
horizontal light receiving surface lc is 8 o, and an incident angle to a surface of the 
prism is 0 i, the following formula is satisfied. 

0i=0o- (90° -(a /2)= fio- /3 • •• ■<1) 

<(V c*/2 = 90°- 0o+ fli)) 

When an exit angle of refracting light at the surface of the prism is 0 2, 
and a refractive index of the light guiding plate 1 is n, the following formula is 
satisfied by the SnelTs law. 

0 2= sin i[(sin 0^/td 

- sm"i[faux(0o- 9<T + (a / 2))}/n] 
= sin-i[(ain(0o - 0)/n) -•••00 
Although 6 2 is an angle to a normal line of the surface of the prism of the 
transmitted light sp, when an exit angle of the transmitted light sp which 
standards the horizontal light receiving surface lc is <t> , the following formula is 
satisfied* 

02+ 8 - 0 2 + 90°- (a /2) (3) 

Now, If the exit angle 0 0 of the light s emitted from the LEDs 2 is 55°, and 
the refractive index n of the light guiding plate 1 is 1.585, an arithmetic result of 
the exit angle d> by changing the inclined angle 0 or apex angle a of the prism 
and by use of the above formulas (l), (2) and (3) is shown in Fig.4, As shown in 
Fig.4, as the inclined angle 0 is increased and the apex angle a is decreased, the 
exit angle <£ of the transmitted light or inner light sp of each prism monotonically 
increases from approximately 30° to approximately 70°. Li the first embodiment, 
the two kinds of first and second prisms lpl and lp2 are used, as shown in Fig. 2. 
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while, as the first prisms lpl, prisms each having a small apex angle a are 
selected in order to large the exit angle <t> of the transmitted light spl, and as the 
second p risms lp2, the apex angle c* is increased in order to s m a ll the exit angle 
0 of the transmitted light sp2 (however, it is sufficiently smaller than 180°). 
Here, selecting the apex angle a by which the exit angle <t> becomes large! as the 
first prism lpl is to be small the entrance of light into the light guiding plate 1 at 
the light absent area Si as shown in Fig. 1A, selecting the apex angle a by which 
the exit angle <f> becomes ymflll r as the second prisms lp2 is for complementing a 
portion in which the transmitted light, in the first prisms lp 1 does not exist, by the 
transmitted light sp2 in the second prisms lp2 having the small exit angle 0 . 

Figs.sA and 5B illustrate one example of a state of complement of the 
transmitted lights sp land sp2 in the first embodiment La Figs.SA, reference sign 
SKI denotes collecting light flux that a plurality of transmitted fluxes spl are 
collected and configured every the first prisms lpl shown in Fig.2, and reference 
sign SK2 denotes collecting light flux that a plurality of transmitted fluxes sp2 are 
collected and configured every the second prisms lp2 shown in Fig.2. As shown 
in Kg.BA, the collecting light fluxes SKI and SK2 extend to enlarge rightward and 
leftward (upward and downward in the drawing of Fig.SA) beginning at the LEDs 
2 into approximately mountain-like shapes. An exit angle of each of the collecting 
light fluxes SKI is larger than that of each of the collecting light fluxes SK2. 
Thereby, the collecting light flux SK2 enters in areas R (see Fig. 16 A) that axe 
conventionally dark portions in spaces between the collecting light fluxes SKI to 
complement the spaces. As a result, uniformity of brightness of light in the light 
gu iding plate 1 in the embodiment is higher than that as in the prior art (see 
Fig.SB). Regarding this point, a further explanation will be made. 

Subsequently, a size of the prisms and pitch spaces of the prisma 
considered in the first embodiment will be described. 



15 



The consideration, is earned out because of eliminating inconvenience that 
spaced among lights occurred by refraction of the individual prisms are narrow 
and therefore their lights may be recognized as one collected light entirely, as 
described already in the prior art (see Fig. 15). 

A description by what judgment the hei ght and pitch of the prisms are to 
be decided will be made below. 

Pig.6 illustrates a width of light after refraction of the light entered into 
one prism p. In Fig.6, his a height of the prism, and a is an apex angle thereof. 
Light emitted from the USDs 2 In a direction of 0 o is entered at an angle 6 1 into 
an oblique surface of the prism, while, thereafter is refracted in direction of 0 2, by 
the SnelTs law and moves through a light guiding plate (not shown). 

In order to cause the light emitted from the oblique surface of the prism at 
die 0 a to direct directly to an effective light emitting area of the light guiding plate, 
the light must be passed through a bottom of the prism. Therefore, when 
tracking back the light of the direction cf from a root of the prism, it is seen that 
the light is entered at a height h' of the incident plane. 

In this connection, the h' is obtained by the following formula. 

h' = 2h X tan (a /2)/{tan(<* /2) + tan<« /2+ 0 2 )> 

(v a = h' Xtan(a/2+ 9 12), b = h' X tan (a 12) 

a + b = 2hXtan(a/2) 

where, if a width of the bottom of the prism p is Wp , 
Wp = 2h xtan <a / 2) (4) 

Next, a width W of the light entering into the light guiding plate passing 
through the prism is as follows. 

W = Wp X sin (90°- <£) = Wp X cos <t> 

If the (4) formula is assigned to this formula, the following formula is 
satisfied. 
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W = 2h Xtan (a 12) X cos * 

Next, when the prisms p are disposed at a certain space, if a pitch of the 
prisms is P, a width Wf of each of flat portions without the prisms is as follows, in 

consideration with the formula (-0. 

Wf=P-Wp = P-2h X tan (a / 2) - - (5) 

Here, because light refracted by the prisms is absent in the flat portions, 
the lights passed through the prisms are spaced with a Wn as shown in Fig.7. 
The space is obtained as follows. 
Wn = Wf x sin (90° - <f>) = Wf x cos 0 

When the formulas (3) and (5) are assigned to this formula, the following 
formula is satisfied 

Wn = {P-2h X tanU/2)} X cos (0 2 + 90° - (a/2 )) (6) 
However, the Q 2 is represented in the formula (2). That is to say, 
92 = sini [{sin(0o-9O g + (oj/2))}/n] 

As an example, the space Wn between the transmitted lights of their 
prisms is computed by citing sizes and pitches of the conventional prisms and by 
use of the formula (6). Where, if the apex angle a of the prism is 90°, the height h 
= 0.33 mm, and the pitch P - 0.18 mm, as 0 o = 55°, n - 1.585, by computing using 
the formula (6), the following formula is satisfied. 

Wn = {0.18-2 X 0.03 X tan 45' } X cos (45°+ 6.3° ) 
= 0. 12 mm x 0.62 mm = 0.074 mm 

By the way, it will be reviewed how much size of the space Wn is required 
between the transmitted lights of the prisma as shown in Fig. 7, below. 

In general, it is said that resolving power of the person who a visual power 
is 1.0 is 1' (= 1/ 60°)- A distance between a display and the person when viewing a 
small display such as a mobile phone and a PDA is about 300 mm, at the present 
time, a space that eyes of the person can be discriminated is as follows. 
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300 mm x tan (l/ 60) = 0.087 mm 

Consequently, the space between the transmitted lights of each of the 
prisma haying the aforementioned sizes becomes 0.074 mm which is less than a 
disc riminate d limit, and therefore it is not possible to individually separately 
discximinate the transmitted lights of each of the prisms, and as a result, the 
collected light flux views as one thick combined line. In case of the backlight, it is 
Important that light refracted by each prism does not view in the combined state 
as described above in order not to distinguish the bright line of the collected light 
flux separated rightward and leftward from a position near the USDs. Therefore, 
it is necessary to set the above space Wn larger than 0.087 mm which is the 
discriminated limit However, the computation as described above is made by 
gpecifirfngrone direction 0 1 of the exit light, actually, the exit lights in a various of 
directions are refracted to be the inner lights. For this reason, the computation is 
an indication consistently and the actual numeric values are acquired finally by an 
experiment Anyway, because the size of the prism array is set without 
considering the discriminated limit with respect to the space Wn of the lights in 
the prior art, the space Wn is less than the discriminated limit a plurality of the 
lights are combined thickly to bring them into clear view as the bright line. 

Subsequently, a concrete example of a size and an arrangement of the 
p risma satisfying conditions adopted in the first embodiment, in which the space 
Wn between the lights is less than discriminated limit and the individual light flux 
is recognizable will be explained. 

Figs.SA and 8B illustrate the concrete example. As shown in Fig.8A, the 
first and second prisms Ipl and lp2 are arranged alternately with respect to each 
other. 

Here, as shown in Fig.8B, it is assumed that the apex angle a of each of 
the first prisms lpl is 60°, the height h thereof is 0.03 mm and the apex angle a of 
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each of the second prisms lp2 is 130°. In the conditions, to obtain a pitch to set 
the space Wn between the lights to a value, 0. 1 mm larger than the discriminated 
limit, 0.087 mm, the following formula is obtained from the formula (6). 

P«Wn/cos(02 +90 w -(c»/2)) + 2h X tan (a/ 2) (7) 

A computation is made by assigning the aforementioned values, the apex 
angle a of the first prism lpl is 60\ the height his 0.03 mm, a targeted space Wn 
between the lights is 0. 1mm At the present time, if the n is 1.585, the 6 o is 55*, 
the 6 2 is obteinedfiom the formula (2). As a result, the P is 0.217mm. At this 
time, the width Wp of the bottom of each prism is obtained as follows fiom the 

formula (4). 

Wp = 2h X tan(oi/2) 

The space between the first prisms lp 1 is as follows in consideration with 

the formula (7). 

P-Wp = Wn/cos(0 2 + 9O°-(a/2)) 

The value of space is 0.183 mm. 

Next, the height h of each second prism lp2 provided entirely in the space 
is computed. 

In the formula (4), namely, Wp = 2h * tan (q*/ 2), if the Wp is 0.183 mm, 
the a is 130% the h is 0.042 mm. 

Fig,8 A illustrates a state of the transmitted lights sp 1 and sp2 in the first 
and second prisms Ipl and lp2 having the sizes as shown in Fig.8 B, determined 
as described above. Here, the exit angles 5T and 44°of the transmitted lights sp 1 
and sp2 are values of <t> , obtained by assigning a = 60° ot= 130° in the formula <3>, 
respectively. The space between the transmitted lights s lp of the first prisms lp 1 
is 0.1 mm larger than the disc rimina ted limit, while the space Wn2 of the 
transmitted lights s2p of the second prisms lp2 is not necessarily larger than the 
discriminated limit. However, even in such a case, each of the exit angles of the 
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transmitted lights is 44*, which is less relatively and therefore there is no special 
damage because of the bright line difficult to distinguish. 

Next, if the space between the first prisms lpl remains fixed to the 
aforementioned 0,183 mm and the height of each first prism is increased, it is 
possible to increase the amount of light of the transmitted lights. The example is 
shown in Figs.9A and 9B. As shown in Fig.9B, if the apex angles a of the first 
prisms are held co 60° as is, each height h is 0.08 mm, in a state that the space Wn, 
0,1 mm between the transmitted lights is secured, as desc rib ed in Mg\9A 7 the 
width of each of the transmitted lights sip in the first prisms lp 1 can be widened 
than that as in Figs.SA and 8B, In this case, the width of each of the transmitted 
lights in the second prisms reduces than that as in Figs.8A and 8B. This is 
because, by the heights of the first prisms lpl being increased, the exit angles 6 0 
(55 s ) of incident lights s which are shielded by the first prisms lpl are increased 
and an entering range in the second prisms lp2 reduces. In this way, further 
enhanc ement of a uniform brightness of the light guiding plate 1 can be achieved 
by selecting suitably the heights of the first prisms, by adjusting the widths of the 
transmitted lights sip and s2p of the first and second prisms and by taking a 
balance of the brightness of the transmitted lights. 

Next, Figs. 10 A to 10C illustrate distributed states of the inner lights in 
the light guiding plate (limiting to a portion in the vicinity of the LEDs 2), using 
the prisms having the sizes shown in Figs.9 A and 9B. Here, Fig. 10B illustrates 
the distributed state of the transmitted lights sp lof the first prisms lp 1, Fig. 10B 
illustrates the distributed state of the transmitted lights sp2 of the second prisms 
lp2, and Fig. 10 G illustrates an actual state in which the transmitted lights spl 
and sp2 are mixed As shown in Pig- 10 A the transmitted light spl is separated 
rightward and leftward (upward and downward in the drawing) into 
approximately the mountain shape from each of the first prisms lpl and the 
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separated t ransm itted lights proceed within the light guiding plate 1. As a result, 
collecting light fluxes SKI comprising a plurality (four herein) of tra nsmi tted 
lights spl corresponding to the incident li^it from one LED 2 are separated 
rightward and leftward into the mountain shape and proceed in the light guiding 
plate. The collecting light fluxes SKI correspond to the SKI shown in Eig.SA. 
Here, each of spaces between light fluxes constituting the collecting light fluxes 
SKI is 0.1 mm, which is larger than the discriminated limit as described above, 
and each light flux can be dis crimin ated, as a result, all the collecting light fluxes 
SKI are not reco gnize d as one thick combined bright line so that the bright line is 
not seen. In addition, each of the exit angles of the transmitted lights spl and 
inner fluxes SKI to an inner portion of the light guiding plate 1 is 57° (see Fig.9A), 

As shown in Fig.lOB, the transmitted light sp2 is separated rightward 
and leftward (upward and downward in the drawing) into approximately the 
mountain shape from each of the second prisms lp2 and the separated 
transmitted lights proceed within the light guiding plate 1. As a result, 
collecting light fluxes SK2 comprising a plurality (four herein) of t ran s mit ted 
lights sp2 corresponding to the incident light from one LED 2 are separated 
rightward and leftward into the mountain shape and proceed in the light guiding 
plate. In this connection, the spaces between the transmitted lights sp2 are 
larger than 0.1mm as Wn2 shown in Fig.9A. The collecting light fluxes SK2 
correspond to the SK2 shown in Fig.SA. 

In addition, each of the exit angles of the transmitted lights sp2 and inner 
fluxes SK2 to an inner portion of the light guiding plate 1 is 44° (see Eig.9A). 

Next, in Kg. IOC, the distributed states of the transmitted lights spl of the 
first prisms lpl and transmitted lights sp2 of the second prisms lp2 are shown 
together. According to this, the transmitted lights sp2 of the second prisms lp2 
enter into areas (corresponding to R in Fig-5A) in which bundles of the transmitted 
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are not existed (corresponding to the SKl), the areas are complemented. 

Fig.SB illustrates distributions of the brightness in A-A and B-B sections 
in Fig\5A in the case that the prisms shown in Figs.9A and 9B are used 
According to this, reduction of the brightness in the R portion is avoided and 
therefore a more uniform brightness is obtained than as in the prior art (see 
Fig.l&A). 

In this way, according to the sheet light emitting apparatus in the first 
embodiment, by providing the first prisms lpl, each having the small apex angle 
and the second prisms lp2, each having the large apex angle, and by setting sizes 
of pitches P and so on of the first prisms so as to satisfy the predetermined 
conditions, first, the spaces between the transmitted lights spl in which the 
incident lights from the LEDs 2 are refracted in the first prisms lpl are set to he 
large than the predetermined discrimination values to be capable of eliminating 
the visibility of the bright lines of the collecting light fluxes SKI . 

Secondary, the transmitted lights srp2 in which the incident lights from 
the LEDs 2 are refracted in the second prisms lp2, complement the gaps of the 
collecting light fluxes SKI of the transmitted lights sp 1 of the first prisms Ip 1 in 
the interior of the light guiding plate 1. The uniformity of brightness can be 
enhanced* In this case, in the first embodiment, because the bright lines are 
prevented from generating in the light guiding plate 1, and therefore the 
iinifornrity of brightness is achieved, the sufficient quality of the illumination light 
can be secured, even in the sheet light emitting apparatus as shown in Figs.lA 
and B, in which the diffusion sheet 105 as shown in Fig. 17 is not provided in order 
to simplify the apparatus and the quality of the brightness in the light guiding 
plate is reflected directly on that of the illumination light. 

In addition, although the two kinds of prisms, whose apex angles are 
different, are provided on the light guiding plate in the first embodiment, the 
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present invention is not limited to this embodiment. Hie similar effect can be 
obtained by providing more than three kinds of prisms whose apex angles are 
different, on the light guiding plate. 

A second embodiment of a sheet light emitting apparatus according to the 
present invention, which has an arrangement of prisms, different from the 
arrangement of the prisms shown in Figa.9 A and B will ba explained with 
reference to Figs. A to C. The other structure in the second embodiment is the 
same as that of the first embodiment as shown in Figs. 1A and IB. 

In the second embodiment, two pairs of first prisms lp 1 are continuously 
disposed and one or more second prisms lp2 are disposed (see Figs. A to C). In an 
example as shown in Fig. 11B, an apex of each of the first prisms lpl is 60', a 
height h thereof is 0.08 mm, and two first prisms lpl are spaced through a flat 
part If whose width is 0.183 nun. 

As shown in Fig. 1 IB, one second prism 1p2 is disposed outside of each of 
the two first prisms lp 1 in such a manner that the second prism is connected with 
each first prism. A height h of each of the second prisms lp2 is 0.06 mm, an apex 
angle thereof is 130", and a width thereof is 0.257 mm. In other words, spaces 
between the first prisms are 0.183 mm and 0.257 mm, as shown in Fig. 11 B. 

As shown in Fig. 11A, there are generated transmitted lights slf (exit 
angles thereof are 81* from the formula (8) if the apex angles are 180°) of the flat 
parts If between the first prisms lpl other than transmitted lights sip and s2p in 
the first and second prisms lpl and lp2. if these three transmitted lights are 
ba lan ced, they are complementary to further enhance the uniformity of brightness 
of the entire light guiding plate 1. In this case, although there are two cases of 
long and short spaces between the transmitted lights spl in the first prisms lpl, 
pursuant to the spaces between the prisms lpl, each space is 0.1 mm in the abort 
case, each of the transmitted lights is recognized and therefore visibility of bright 
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lines of the transmitted lights are avoided. 

Meanwhile, in the example as shown in Fig. 11B, although the one second 
prism is disposed between the two continued first prisms lpl, instead, two 
continued second prisms lp2 may be disposed between two continued first prisms 
lpl, as shown in Pig. 11C. In this case, it is also possible to arrange a plurality of 
first prisms and a plurality of second prisms, alternately. 

In the aforementioned first and second embodiments, although the case 
that the apex angle of each first prism lpl is 60*. the apex angle of each second 
prism lp2 is 130', has been described, the present invention as not limited to these 
numeric values, it is possible to achieve the same advantageous effect in which the 
bright lines are not distinguished and the uniformity of brightness of light can be 
enhanced by using the first prisms having relatively large apex angles and the 
second prisms having relatively small apex angles and by selecting the Height h 
and a pitch P of each first prism so that gaps Wn (see the formula (6» between the 
transmitted fights of the first prisms are more avdndentiy than the discriminated 
limit, 0.087 mm. 

A third embodiment of the present invention will be explained with 
reference to Pig. 12 below. As shown in Pig. 12, one kind of prisms lp only are 
arranged on a side surface of the light guiding plate 1 in the third embodiment. 
An apex angle a. , a height h and pitch P of each of the prisms are the same as the 
arrangement of the first prisms lpl as shown in Figs.9A and 9B, a = 60°, h = 0.08 
mm and P = 0.257 mm, areas at spaces (0. 183 mm) between the prisms lp are flat 
parts If. 

The incident lights s from the LEDs 2 transmit the prisms lp by refraction 
to generate transmitted fights sp and transmit the flat parts If by refraction to 
generate transmitted fight s£ Here, exit angles of the transmitted lights sp and 
sf are 57° and 31°, respectively, by the principle explained already. Each of the 
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spaces between the transmitted lights sp is 0.1mm, by the principle explained 
already. 

jry th e third embodiment, the prisms comprise one kind, the complement 
to the R parts as shown in PLg.SA cannot be carried out, and the brightness in the 
light guiding plate cannot be uniformed sufficiently. However, because the prism 
arrangement is configured in such a manner that the space between the 
transmitted lights sp of each prism lp is 0.1 mm, and this is consi dered to be large 
than the discriminated limit, the bright lines of the collecting light fluxes widened 
into the mountain shapes, generated in the prior art, are not distinguished and 
therefore the quality of illumination is enhanced. In addition, without being 
limited to the numeric values in this example, the effect that the visibility of the 
bright lines is elimin ated is obtained, by using the prisms of one kind and by 
selecting the apex angle a , the height h and the pitch P of each prism so that gaps 
Wn (see the formula (6)) between the transmitted lights of the prisms are more 
sufficiently than the discriminated limit, 0.087 mm. 

As described above, according to the present inven t io n , in the sheet light 
emitting apparatus having the light guiding plate, the LEDs as the light source, 
and the prisms formed on the light receiving surface of the light guiding plate 
facing the LED s, it is possible to eliminate the visibility of the bright lines 
generated in the light guiding plate by securing the space between the transmitted 
lights of each prism to more than a predetermined value and to complement the 
areas in which the transmitted light s in the prisms axe not existing by use of the 
plural kinds of prisms, and to increase the uniformity of brightness in the light 
guiding plate, whereby accomplishing a good illuminated state of light. 
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